Prescribed fires are a powerful tool for reducing fire hazards by decreasing amounts of fuel. The main objective is to analyze the effects of prescribed burning on the understory vegetation composition as well as on the soil characteristics of a reforested stand of Pinus canariensis. The study attempts to identify the effects of the preburning treatment of cutting understory vegetation on the floristic parameters of the vegetation community. This study was carried out for two years following a prescribed fire in a Canarian pine stand. Cutting and burning treatment affected species composition and increased diversity. Burnt and cut plots were characterized by a diverse array of herbaceous species and by a lower abundance of Teline microphylla (endemic legume), although burning apparently induced its germination. Cut treatment was more consistently differentiated from the control plots than burnt treatment. Soil K decreased after both treatments, pH slightly decreased after cutting, while P and Ca increased after fire. From an ecological point of view, prescribed burning is a better management practice than cutting the woody species of the understory. However, long-term studies would be necessary to evaluate the effects of fire intensity, season and frequency in which the prescribed burning is applied.
Introduction
Historically, fire has played a dominant role in shaping many forest plant communities [1] . Mediterranean-type vegetation is one of the world's major fire-prone biomes [2] , with conifer forests among the most flammable ecosystems in the Mediterranean region [3] . In these ecosystems, fire is a crucial process controlling vegetation dynamics and structure [4] . Species have developed different strategies to survive after fire, whether at the individual level, with a thick insulating bark or the ability to resprout from underground parts, or at the population level, with serotinous cones or seeds which are resistant to or stimulated by high temperatures.
Fire regimes have changed as a consequence of human activities and large wildland fires are now more likely to occur. Changing socioenvironmental conditions, such as abandonment of traditional agricultural crops, abandonment of pastoralism, or decreasing exploitation of timber resources, are leading to higher fuel loads and consequently to the increase in the frequency and severity of wildfires [5, 6] . As a result, wildfire prevention measures are necessary and prescribed fires are a powerful management tool towards this goal [1] . In particular, low-intensity prescribed fires are considered useful in some ecosystems to reduce fuel loads by decreasing the amount of low vegetation and small decayed wood [7, 8] without important effects on soil properties [9] .
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The most recent studies on the effects of prescribed fire in Europe are related to shrublands [4, 10] or grasslands [9] , but few deal with pine forests [11] . Studies on vegetation dynamics after wildfires may be used to assess the possible responses of vegetation to prescribed fire under similar conditions. Most studies indicate that although herb and some shrub cover are strongly affected [7] , species abundance [12] [13] [14] [15] and diversity [16, 17] increase following fire.
Regarding soil properties, prescribed burning has been shown to increase pH and nutrient availability immediately following fire and through the first year [9, 18, 19] . However, these changes usually revert to preburn values after one year. In several studies carried out on the Canarian pine forest, this effect on nutrient content seems to be more persistent [20] [21] [22] [23] [24] [25] , being possible to detect from 1 up to even 17 years after fire for some nitrogen and phosphorous parameters [22] [23] [24] . In contrast, in case of some parameters, such as pH or exchangeable cations, differences might disappear between several months and two years after fire [25, 26] .
Canarian forest stands have been subjected to long-term degradation, especially since the European colonization of the islands [27] . Despite being the largest forest community of the islands, only 54% of the Canarian pine forest (60,678 ha) persists nowadays in its natural extension [28] . Restoration programs of the Canarian pine forest have been very common since 1930, existing 15,103 ha of Canarian pine plantation, which require management practices to reach a more natural stage [29] . In this framework, prescribed burning can operate not only as a management tool for fire prevention, but also as a tool for achieving restoration objectives [30] .
Little is known about historic fire regimes in the Canary Islands, which makes it difficult to determine which conditions and frequency of burning would be the most appropriate to restore vegetation as well as prevent large wildfires. In the past, wildfire were infrequent but large in extension [20] , but after human settlement the frequency of fires increased [33] . At present, natural fire regime has been clearly exceeded, especially in recent decades; thus, most of the Canarian pine forests have been burned in the last 25-30 years, and several stands in that time frame have done so two or three times [34] .
If fire management is based on a misunderstanding of plant life history or incorrect historical perceptions, burning could have potentially large effects on forest community diversity [35] . In particular, Pinus canariensis is specifically adapted to fire [36] , displaying both resistant and resilient strategies, which evidently makes the role of fire during the evolution of this ecosystem important. Moreover, the Canarian pine forest is an ecosystem of particular interest since it has a high percentage of endemic flora and is distinct from other Mediterranean ones. Thus, it is important to study the effect of fire management on this particular ecosystem.
Management of pine forest in Mediterranean countries usually involves cutting the shrub understory to break fuel continuity within the canopy [14] . This practice is also used in the Canary Islands and thus we differentiated between two treatments, understory cutting and subsequent prescribed burning (hereafter "burnt") and only preburning management (hereafter "cut"). Burning without cutting was not possible due to the danger of canopy torching under the present fuel model. Cutting reduces understory cover and the abundance of vertical fuel ladders. However, due to debris in the field after the cutting treatment, fuel loads remain high and light availability to the soil surface is reduced, which can also affect species composition.
The objective of this study was to analyze the effects of clearing and prescribed fire treatments on the understory community and soil parameters by testing the following main hypotheses: (1) cutting and burning will have different effects on species composition, and different species will be identified as descriptors of each treatment; (2) burning will modify soil parameters more intensively than just cutting, but some of these parameters such as pH or exchangeable cations will recover to pretreatment values in less than two years.
Methods

Study Site.
The study was conducted at the pine forest of Artenara, in Gran Canaria, Canary Islands, Spain (UTM-X 436449, UTM-Y 3099622), which is part of the Protected Landscape of Las Cumbres, under environmental protection by the Canarian Network of Natural Protected Areas [37] . This is a young forest, about 60 years old, which has hardly been managed and never burned since it was planted during restoration management. Pine density is approximately 600 trees per ha with high fuel accumulation. The study site is located between 1400 and 1600 m a.s.l. and faces the prevailing north easterly winds. Mean annual temperature, humidity, and rainfall (for 2006-2008) are 17.7 ∘ C, 52.2%, and 500 mm, respectively. The dominant tree species is Pinus canariensis, although the area includes other planted exotic pine species such as P. halepensis and P. radiata. The understory vegetation is dominated by a variety of shrub and herb species, where the most representative species are Chamaecytisus proliferus, Teline microphylla, and Micromeria benthami. A deep litter layer, with an average thickness of 5.7 cm, typically covers the entire site.
Design of the Experiment.
The study site was divided into six plots of between 1.5 and 2 ha each, depending on topographical complexity, where experimental treatments (3 cut and 3 burnt) were applied, and three control plots of approximately 0.5-1 ha each. Control plots were smaller than treated plots to meet management objectives in the largest possible area. From several weeks to a month before burning, the woody understory vegetation of all plots and the lowest branches of the pines were cleared, with the help of chainsaws, except in the controls, as in usual practice to break the vertical continuous fuel ladder before burning. Dead fuel was kept on the ground. This practice allows a homogeneous burning and maintains flame heights of less than 1.5 m due to the spreading of the dead fuel along the surface covering fuel gaps [38] . Three of these six cleared plots were chosen at random and burnt in June 2006 (burnt treatment) while in the other tree plots they were keep as cut treatment. Burning was carried out under specific temperature (18) (19) (20) (21) (22) (23) (24) (25) (26) ∘ C), humidity (30-70%), and wind (<15 km/h) conditions. Strip fires, a burn method that consists in setting successive parallel strips of fire, and back fires, in which the line of fire is set on the upslope side of the fuel and the fire moves slowly against the wind and slope, were used to achieve ignition. Based on all these parameters and that the canopy only was reached by the flames occasionally, the burning was considered of medium intensity.
Three 100 m 2 square subplots per treatment plot and one per control plot were located at random. Environmental variables such as rock and litter cover percentage were visually estimated per subplot. Altitude, aspect, and slope were also measured per subplot. All the species in the subplots were listed and their percentage cover was visually estimated and noted on a scale of 1 to 9 (1: trace; 2: <1%; 3: 1-2%; 4: 2-5%; 5: 5-10%; 6: 10-25%; 7: 25-50%; 8: 50-75%; 9: >75%) [31] . Vegetation was sampled six, twelve, eighteen, and twenty-four months after burning.
Four samples of the top 10 cm soil (only organic horizon) were taken per subplot and pooled to obtain a single composite sample before analysis. Soil samples were analyzed following the common standard methods for organicv carbon (Walkey-Black method), available phosphorus (Olsen method), potassium, magnesium, calcium, and sodium (Bower method) [39] . Soil pH was analyzed following extraction with deionised water and measured with a pH-meter.
Vegetation and soil sampling were carried out before treatment 
Statistical Analysis.
To ensure that there were no significant differences in understory species composition, richness, and diversity before burning and cutting treatment, a distance based permutational MANOVA [40] was fitted, with treatment area (control, burnt, and cut) as fixed factor. The analyses were based on Bray-Curtis distances of the cover data of vascular species and on Euclidian distances of the number of species and diversity prior to treatment (spring 2005). A maximum of 9999 permutations were used to obtain the values ( < 0.05). Shannon diversity index: = −Σ p ln p , where p is the proportion of species i relative to the total number of species, was used to characterize species diversity of the pine stand.
In order to test our hypothesis of species composition changes after management practices, distance based permutational-repeated measures MANOVA was fitted, with treatment (control, burnt, and cut) and period (four repeated measures: six, twelve, eighteen, and twenty-four months after treatment) used as fixed factors and the plots as a paired factor. The analyses were based on Bray-Curtis distances of the cover data of understory vascular species. Same procedure was applied to species richness and diversity data but based on Euclidian distances. Significant terms were investigated using a posteriori pairwise comparisons with the PERMANOVA t-statistic. A maximum of 9999 permutations were used to obtain the values ( < 0.05) and the Monte Carlo correction was applied where necessary.
We performed a similarity percentage (SIMPER) routine [41] , using the Bray-Curtis coefficient, to identify both, descriptor species associated with each treatment and those taxa that primarily contribute to average dissimilarity between treatments [42] . This was accompanied by a principal components analysis (PCA) to graphically represent variation in species composition, as it helps to reveal environmental variables not included in the sampling method [43] . We introduced understory species cover data as variables and one datum per treatment per sampling period (the information of the nine subplots that composed the treatment which were pooled into only one, assuming the average of the abundance for the species, based on understory cover data) as samples to reinforce general patterns of species composition depending on the treatment and for a better understanding of the graph. No covariable was introduced for the analysis as none of the environmental variables measured was significantly different between treatments. Primer 6 and PERMANOVA + (PRIMER-E Ltd., Plymouth, UK) were used to perform all statistical procedures, with the exception of the PCA, which was performed using CANOCO for Windows [44] .
Finally, to test our second hypothesis we performed oneway distance based permutational ANOVA [40] , comparing soil parameters between treatments (fixed factor) for each time period. Analyses were based on Euclidian distances. Significant terms were investigated using a posteriori pairwise comparisons with the PERMANOVA t-statistic. A maximum of 9999 permutations were used to obtain the values ( < 0.05) in each data set and the Monte Carlo correction was applied where necessary.
Results
Descriptors and Species Composition.
The absence of significant differences in species composition (Pseudo-= 1.18, < 0.05), richness (Pseudo-= 0.92, > 0.05), and diversity (Pseudo-= 0.48, > 0.05) between the treatment areas before being cut and burnt provides assurance that the differences detected between them in the following sampling period are result of management treatments.
We found a total of 107 species belonging to 39 families (12 species were only identified at genus level) and 44% of the species were common to the different treatment areas (Table 4 ). Cutting and burning treatment affected species composition and diversity (control = 1.91 ± 1.70 SD; cut = 2.88 ± 1.00 SD; burnt = 3.157 ± 0.75 SD) but not species richness (Table 1) , which was on average 15.09 ± 9.48 SD. Absence of interaction between treatment and sampling period indicates that changes are maintained over time, as can be appreciated in the PCA graph (Figure 1 ), where the samples are clearly separated along axis I, with control samples located on the left side of the graph, and treated samples on the right. This separation is mostly due to the abundance of subshrubs and woody species (e.g., Teline microphylla, Sonchus acaulis, Erysimum bicolor, Artemisia thuscula, and Argyranthemum adauctum) being more abundant in the control plots, together with some herbaceous species (Table 5) are shown in bold. Species name abbreviations are shown in Table 4 . Eigenvalues for the first and second axes were 0.27 and 0.18, respectively. Cumulative percentage variance of species data for both axes was 44.8. Only species with a fit range higher than 10% are shown. Control plots (white circle); burnt plots (black circle); cut plots (brown circle). (e.g., Ranunculus cortusifolius, Sonchus oleraceus, Todaroa montana, and Galium aparine). These species play consistent roles (mean dissimilarity to SD ratio higher than 1) in determining the dissimilarity between treatments, especially between control and cut plots more separated in the bidimensional space of the PCA. Micromeria benthamii was more abundant in cut than in control plots, while Hirschfeldia incana and Lathyrus annuus were more abundant in burnt than in control plots (SIMPER; Table 5 ). Cut and burnt plots were separated along axis II, being characterized mainly by a diverse array of herbaceous species (Figure 1) . Although, according to the SIMPER procedure (Table 5 ) only a few species consistently discriminated between the two treatments. Based on both SIMPER (average dissimilarity between treatments: control versus cut = 72.35, control versus burnt = 61.52, and cut versus burnt = 72.06) and PCA results the cut treatment was more consistently differentiated from the control plots than burnt treatment ( Figure 1 ; Table 5 ).
Regarding descriptive species responsible for the similarity within treatments, presented using the results from the SIMPER procedure (Table 2) , only few species play more or less consistent roles in determining the similarity within treatments. T. microphylla was the dominant species in all treatments, having the largest abundance in control plots. As shown above E. bicolor and S. acaulis were also abundant and consistently present within control plots (Table 2 ). These three species account for more than 45% of the similarity within control plots. This pattern changed after the treatments, with different results in cut and burnt plots. Cut plots were very variable, without any descriptive species especially abundant and/or consistent within the treated plots. In contrast, burnt plots were more homogeneous, including T. microphylla (especially abundant as seedlings) and the herb Silene vulgaris as descriptive species (Table 2) .
Soil Parameters.
The absence of significant differences for any of the soil variables prior to treatment ( Table 3 ) provides assurance that the differences detected between them in the following sampling periods are result of management treatments.
We only detected significant influence of the treatment on some soil parameters six and eighteen months after treatment. Six months after treatment, mean pH values were significantly different between treatments (Pseudo-= 11.66, < 0.00), being lower in cleared plots than in control and burnt ones (Table 3) . However, pH recovered to original values 18 months after treatments. P concentrations were significantly different between treatments six (Pseudo-= 6.20, < 0.05) and eighteen months after fire (Pseudo-= 4.89, < 0.05), when P concentrations were higher in burnt plots. Although eighteen months after fire these differences only persist between burnt and cut plots (Table 3) . Ca content was significantly lower in cut plots than in burnt ones six months after fire (Pseudo-= 5.47, < 0.05). Finally, K was significantly lower in treated than in control plots six months after management treatment (Pseudo-= 3.95, < 0.05).
Discussion
Prescribed fire is a useful management tool for preventing large wildfires [1] but can have significant effects on vegetation community diversity [35] and species composition [45] , depending on how and where it is applied. Most sources suggest an overall trend of increasing species richness with prescribed fire [13, 15, 16, 45] and a rapid recovery after a low-to-moderate-intensity fire [13, 26] . In most cases, these increases in richness take place during the first to second year after fire and are related to herbaceous pioneer species [15, 45, 46] , being linked to canopy opening and higher light availability at soil surface after fire [47] . But studied treatments, understory clearing (cut) and low-intensity prescribed fire (cut), do not imply canopy opening, explaining the absence of significant differences in species richness between treatments (Table 1) .
Contrary to species richness, the abundance of understory plants is more sensitive to management [48] , leading to the detected changes in species composition (Table 1; Figure 1 ). The main species leading to differences between treatments was T. microphylla, being more abundant in control plots and explaining more than 10% of the dissimilarities found with management treatments. Studies on the soil seed bank suggest that T. microphylla germination is stimulated by fire [49] , which agree with the results of this research, since despite its lower abundance T. microphylla was identified as a descriptor species in burnt plots, where it was especially abundant as seedling but not in cut plots.
Legume shrubs typical of the understory of the pine forest, such as Adenocarpus foliolosus and Chamaecytisus
The Scientific World Journal 7 Table 3 : Cutting and burning effects on soil in Pinus canariensis forest stand (Gran Canaria, Canary Islands). Mean and standard deviation (in brackets) of soil parameters in the control (C), cleared (CT), and burnt (B) plots before treatment and six, eighteen, and twenty-four months after treatment. The Scientific World Journal proliferus, can be classified as pyrophitic species, showing a fast recovery or even increasing their cover after a wildfire [21, 26, 50, 51] . In this study C. proliferus was the most abundant in burnt plots, coinciding with recent studies in natural pine forest of the island [26] . Although this species did not consistently discriminate between treatments, it was among the ten species that contributed most to explain the dissimilarities between control and burnt plots (Table 5 ). In addition, it has been proven that herbaceous legumes play an important role during the early years after fire, showing a typical pioneer strategy of fast growth and propagule production [14, 26, 52] . Consistent with this, L. annuus was more abundant in burnt than in control plots, as were Vicia spp. and Trifolium spp. (Table 5) . Species composition has changed due to management, and two years after the treatment differences remain (Table 1, Figure 1 ). These differences focus mainly on the higher abundance of some shrubs and perennial herbs in control plots. However attending to the cover classes, with exception of T. microphylla, these differences are of small magnitude, remaining in the range of 1-2% of cover. Consequently, we are assuming that only a few more years will be necessary for the shrubs and herbaceous species to increase their abundance in the treated plots, as has been found in other Canarian pine forest stands where only a few years are necessary to recover the prefire species composition [26] .
As established in our first hypothesis, both treatments revealed different effects on species composition. Some authors found that, in high-density pine stands, minimal disturbances, such as surface fires, have a low impact on understory composition and production [50, 53] . Fire is an intrinsic element of the Canarian pine forest [54] , which can favour regeneration of several understory species [55] , which could explain that in the studied pine stand based on SIMPER and PCA results the cut treatment was more consistently differentiated from the control plots than burnt treatment. From this point of view, fire appears as a disturbance for which adaptation is complete in the plant community and offers a natural heterogenic landscape that favours diversity as has been found in other studies, while cutting leads to higher differences with the original forest stand and to lower species diversity (Table 1 ) [50] .
The impact of prescribed fire on soil nutrients is known to be more evident during the first year after fire, increasing the levels of the most important elements (P, N, K, and Ca), while in general after one year, soil nutrient content is more similar between burned and nonburned plots [9, 18, 19] . However, in the Canarian pine forest, fire effects on soil properties seem to be more persistent [20] [21] [22] [23] [24] . According to the literature, wildfire effects on nitrogen and phosphorous might be evident 17 years after fire [22] [23] [24] , changes in pH can be maximum 2-3 years after fire [20] , and organic matter might need more than four years to recover prefire values [26] . Nonetheless, long lasting effects of fire on soil nutrients are not a rule in Canarian pine forest, since some studies also reveal that pH and exchangeable cations recover prefire values in less than two years [25, 26] , and these short-term effects of fire in soil nutrient have also been found in this study.
As hypothesized, fire modified soil parameters more intensively than just cutting, and treatment effects on soil variables lasted less than two years. Burning effects on soil nutrient can differ in direction and intensity from those caused by clearing treatments [55] . Forest management through clear-cutting can result in a pH decrease [56] , as has been found in this study (Table 3) , probably as a result of the acidification effects of the pine needles that remained as debris in the field after the cutting treatment. On the other hand, fire impact and ash deposition can increase soil pH [20, 55, 57] , which usually returns to prefire values within a short period [19, 20] . However, significant increases might occur only at high temperatures [57] , which might have not been generated by the low-intensity prescribed fire experienced in this study, explaining the unexpected absence of fire effects on this variable. Increases in P and exchangeable cations in the surface soil after a low-intensity prescribed fire have been found as common [9, 19, [58] [59] [60] , due to the combustion of organic matter and the heating conversion of nutrients from nonavailable to available forms [57, 61, 62] . Although the amount of P was doubled as a result of prescribed fire, this positive effect was not long lasting, as found in other studies [57] . Despite different effects of burning and clearing on soil nutrients [55, 56] , detected difference in Ca content between these two treatments might have arisen due to a tendency to lower content of this element in cut plots, already present in initial soil conditions (Table 1) . For soil K, a slight decrease, compared to control plots, was found six months after both treatments, probably because this mobile cation might have been lost through leaching [55] . Absence of fire impact on some of the analyzed soil parameters or discrepancies regarding intensity, direction, and durability of these effects with previous studies [22] [23] [24] [25] [26] could be the result of differences in fire severity, in burned understory species, and on initial soil nutrient content [57, [60] [61] [62] .
Management Implications.
Based on the obtained results, from an ecological point of view, prescribed fire appears to be a better management practice than simply cutting the woody understory. On the one hand, although none of the management practices resulted in pernicious effects on soil nutrient content, prescribed burning seems to favour a short-term pulse in soil nutrients. On the other hand, two years after treatments fuel reduction aims are accomplished,
